We study the non-leptonic two-body weak decays of Λ + c (2286) → B n M with B n (M ) representing as the baryon (meson) states. Based on the SU (3) flavor symmetry, we can describe most of the data reexamined by the BESIII Collaboration with higher precisions. However, our result of B(Λ + c → pπ 0 ) = (5.6 ± 1.5) × 10 −4 is larger than the current experimental limit of 3 × 10 −4 (90% C.L.) by BESIII. In addition, we find that
I. INTRODUCTION
Recently, the BESIII Collaboration has reanalyzed the two-body weak decays of Λ In addition, the Cabibbo-suppressed Λ + c → pη decay has been observed for the first time [2] . According to the measurements of the two-body Λ + c → B n M decays since 2016 [1] , there have been 4 measured branching fractions listed in PDG [3] , given as 
together with the new data [2] , given by Theoretically, the factorization approach is demonstrated to well explain the B and bbaryon decays [5] [6] [7] , such that it is also applied to the two-body Λ + c → B n M decays [8] , of which the amplitudes are derived as the combination of the two computable matrix elements for the Λ + c → B n transition and the meson (M) production. However, the factorization approach does not work for most of the two-body Λ + c → B n M ones. For example, the decays of Λ + c → Σ + π 0 and Ξ 0 K + are forbidden in the factorization approach [9] , but their branching ratios turn out to be measured. As a result, several theoretical attempts to improve the factorization by taking into account the nonfactorizable effects have been made [10] [11] [12] [13] [14] . In contrast with the QCD-based models, the SU(3) symmetry approach is independent of the detailed dynamics, which has been widely used in the B meson [15] [16] [17] , b-baryon [18, 19] and Λ + c (Ξ c ) [9, [20] [21] [22] [23] decays. With this advantage, the two-body Λ + c → B n M decays can be related by the SU(3) parameters, which receive possible non-perturbative and nonfactorizable contributions [9, [20] [21] [22] [23] [24] , despite of the unknown sources. The minimum χ 2 fit with the p-value estimation [3] can statistically test if the SU(3) flavor symmetry agrees with the data. Being determined from the fitting also, the SU(3) parameters are taken to predict the not-yet-measured modes for the future experimental tests. However, the global fit was once unachievable without the sufficient data and the use of the symmetry for Λ + c → B n M. Clearly, the reexamination with the global fit to match the currently more accurate data is needed. Note that, to study the Λ + c → B n η (′) decays, the singlet state of η 1 should be included [16, 17] . In this report, we will extract the SU(3) parameters in the global fit, and predict the branching fractions to be compared with the future BESIII experimental measurements.
II. FORMALISM
From Fig Meanwhile, the c → uqq(ss) transitions in Fig. 1d 
with the current-current operators O
1,2 , written as
where (3) are scale-dependent. In the NDR scheme [25, 27] , one has that (c 1 , c 2 ) = (1.27, −0.51) at the scale µ = 1 GeV. Note that one is able to recombine 
which are formed as the tensor notations of H(6) ij and H (15) i jk , respectively. Note that the Cabibbo-suppressed operatorsÔ − andÔ + have similar irreducible forms, leading to their ownĤ(6) ij andĤ (15) i jk [20, 21] . As a result, the effective Hamiltonian in Eq. (3) under the SU(3) representation becomes
where the non-zero entries are
To proceed, we take the amplitudes of B c → B n M under the SU(3) representations.
First, the B c state acts as3 under the SU(3) flavor symmetry, written as
by which one defines T ij = ǫ ijk (B c ) k . Second, B n is the baryon octet, given by
To include the octet (π, K, η 8 ) and singlet η 1 , M is presented as the nonet, given by
where (η, η ′ ) are the mixtures of (η 1 , η 8 ), decomposed as η 1 = 2/3η q + 1/3η s and η 8 = 1/3η q − 2/3η s with η q = 1/2(uū + dd) and η s = ss. Explicitly, the η − η ′ mixing matrix is given by [28] 
with the mixing angle φ = (39.3 ± 1.0)
• . Subsequently, the amplitude of B c → B n M is derived as
where Table I . Note that, although we 
follow the approach in Ref. [21] , the h 1,2 terms are newly added for the singlet η 1 . Due to c − /c + ≃ 2.4, the contribution of O 6 (Ô 6 ) to the decay branching ratio can be 5. to simplify the amplitudes. Since e, f , g and h 2 are complex numbers, we have 7 real independent parameters to be determined by the data, given by
where e is set to be real, while an overall phase can be removed without losing generality.
To calculate the decay widths, we use [3] :
where
, with the integratedover variables of the phase spaces in the two-body decays.
III. NUMERICAL RESULTS AND DISCUSSIONS
For the numerical analysis, we use the minimum χ 2 fit to find the SU(3) parameters in Eq. (14) . The theoretical inputs for the CKM matrix elements are given by [3] (
with λ = 0.225 in the Wolfenstein parameterization. There are 9 branching ratios of Λ c → B n M, which are the data inputs, given in the last column of Table II . The equation of the χ 2 fit is given by
where B i th and B i ex stand for the branching ratios from the theoretical SU(3) amplitudes in Table I and experimental data inputs in Table II , with σ i ex as the 1σ experimental errors, while i = 1, 2, ..., 9 denote the 9 observed decay modes involved in the global fit, respectively.
Consequently, we obtain (e, f, g, h 2 ) = (0.257 ± 0.006, 0.121 ± 0.015, 0.092 ± 0.021, 0.111 ± 0.081) GeV 3 ,
where d.o.f stands for the degrees of freedom. The statistical p-value to be smaller than 0.05 will show the inconsistency between the theory and data [3] , which is equivalent to (18) we can reproduce the branching ratios of the measured two-body Λ c decays as shown in Table II , where the results based on the heavy quark effective theory (HQET) [24] , Sharma and Verma (SV) in Ref. [23] , pole model (PM) [11] and current algebra (CA) [11] are also listed. In our fit, the SU(3) amplitudes in Eq. (18) have considerable imaginary parts, being included in δ f,g,h 2 . Nonetheless, the studies in Refs. [12, 24] depend on real ones. For a test, we turn off δ f,g,h 2 , which causes an unsatisfactory fit to the data with χ 2 /d.o.f ≈ 14 ≫ 2.4 in Eq. (18) , suggesting that the imaginary parts are necessary to fit the nine data well. It is similar that, in the D → MM decays, the imaginary parts with the SU(3) flavor symmetry are also considerable, which correspond to the strong phases calculated from the on-shell quark loops in the next-leadingorder QCD models [29] . We hence conclude that the Λ + c → B n M decays are like the D → MM ones, where the phases are in accordance with the higher order contributions in the QCD models, which have not been well developed yet.
From Table I , by keeping both O 6 and O 15 , we obtain that
where Λ 
resulting in
With the inputs of the SU (3) 
IV. CONCLUSIONS
We have studied the two-body Λ 
